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with indeterminate derivatives arising out of purely geometrical considerations, while it might be supposed from the usual treatment of such curves that they can only be defined by artificial analytical series.
Unfortunately, I am not in a position to give a full account of the opinions of philosophers on this subject. As regards the more recent mathematical literature, I have presented my views as developed above in a paper published in 1873, and since reprinted in the Math. Annalen* Ideas agreeing in general with mine have been expressed by Pasch, of Giessen, in two works, one on the foundations of geometry, f the other on the principles of the infinitesimal calculus.^ Another author, Kopcke, of Hamburg, has advanced the idea that our space-intuition is exact as far as it goes, but so limited as to make it impossible for us to picture to ourselves curves without tangents. §
On one point Pasch does not agree with me, and that is as to the exact value of the axioms. He believes —and this is the traditional view — that it is possible finally to discard intuition entirely, basing the whole science on the axioms alone. I am of the opinion that, certainly, for the purposes of research it is always necessary to combine the intuition with the axioms. I do not believe, for instance, that it would have been possible to derive the results discussed in my former lectures, the splendid researches of Lie, the continuity of the shape of algebraic curves and surfaces, or the most general forms of triangles, without the constant use of geometrical intuition.
* Ueber den allgemeinen Functionsbegriff und dessen Darstellung durch eine -wittkurliche Curve, Math. Annalen, Vol. 22 (1883), pp. 249-259.,
f Vorlesungen iiber neuere Geometric, Leipzig, Teubner, 1882.
J Einleitung in die Differential- und Integralrechnung, Leipzig, Teubner, 1882.
§ Ueber Differentiirbarkeit und Anschaulichkeit der stetigen Functionen, Math. Annalen, Vol. 29 (1887), pp. 123-140.                                                                                    f
